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For  Fig.  .13,  the  following  conversion  factors  are  to  be  used: 


Mult.  by.  „ 

psi  6.  984  x 10° 

Pa 

°F  - (°F-32°) 

°C 

9 

cfm  4.  719  x 10" ^ 

m/sec 

lb/hr  4.  536  x 10-1 

kg/hr 

1 500  cfm 

7 x 10“  1 m^/sec 

150°F 

66°C 

1 650°F 

899°C 

2.  84  x 106  BTU/hr 

8.  32  x 105  V/ 

20.  5 gal/hr 

7.  76  x 10-2  m3/hr 
6.  933  x 10J  J 

6.  6 x 10°  BTU 

18.  1 x 106  BTU 

1.91  x 1010  J 

1100°F 

593  °C 

1650°F 

899 °C 

15  ft 

4.  572  m 

5 ft 

1.  524  m 

33  gal 

1.  25  x 10" 1 m3 

55  gal 

2.  08  x 10- 1 

250  lb/hr 

1.  134  kg/hr 

1000  lb/hr 

4.  536  kg/hr 

For  Tables  1 & 2,  the  following  conversion  factors  are  to  be  used: 

Mult,  by. 

27  h 28  $/lb  4. 535xl0-lkg  $/kg 

Ib/nr  4.  535x10“  1kg  kg/hr 

29  250  lb /hj 
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1000  lb/hr 


1.  j.34  kg/hr 
4.  536  kg/hr 
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SUMMARY 


The  disposal  of  waste  explosives  and  propellants  has  come  under 
the  close  scrutiny  of  the  E.  P.  A.  since  the  ban  on  open  burning. 

In  order  to  conform  to  current  and  proposed  regulations,  several 
incinerator  systems  were  selected  and  either  evaluated  or  are  in  the 
process  of  being  evaluated.  A few  of  these  systems  are:  vertical  in- 
duced draft,  rotary  kiln,  Simplified  Incineration  Technique  for 
Pollution  Abatement  (SITPA)  I and  II,  wet  air  oxidation  and  fluidized 
bed  incinerator. 

The  relative  advantages  and  disadvantages  of  each  system  plus 
their  process  capabilities  dictate  their  potential  applications. 

The  current  judgment  by  the  Armament  Command  (ARMCOM)  and 
other  support  organizations  is  that  the  SITPA  II  system  is  the  most 
economically  feasible  system  for  use  at  LAP  plaints  due  to  the  low  over 
all  emissions.  However,  those  applications,  especially  in  P&E  manu- 
facturing plants,  which  have  relatively  high  gaseous  emissions  will 
require  a more  sophisticated  incinerator  system  (rotary  kiln,  fluidized 
bed)  to  meet  anticipated  air  pollution  standards. 


I 


INTRODUCTION  AND  .BACKGROUND 


In  the  manufacture,  loading,  assembly  and  packing  of  munition  items, 
ther- ■ are  various  non-usabie  wastes  generated  which  must  be  disposed  of 
in  a sound  ecological  manner.  This  disposal  has  come  under  close 
scrutiny  due  to  the  EPA's  (state  and  f dc-ral)  regulations  and  the  recent 
ban  ' >n  open  burring.  The  operation  of  these  disposal  facilities  must  be 
in  accv-rdunce  with  both  local  and  federal  regulations.  These  regulations 
vary  from  one  area  to  another  according  to  the  local  air  quality  which 
depends  on:  a)  geographic  location,  b)  meteorological  conditions,  c)  in- 
dustrial proximity,  d)  pollution  type  and  e)  size  of  the  community.  An 
example  of  air  quality  regulations  varying  with  geographical  location  is 
that  certain  midcentral  United  States  areas  have  high  non-urban  particu- 
late concentration  standards  of  over  40  rnicrograms/cubic  meter,  while 
die  northcentral  portion  of  die  United  States  may  have  particulate  con- 
centration standards  of  less  dian  iO  micrograms/cubic  meter.  These 
boundary  air  quality  standards  as  mentioned  above  are  derived  from  the 
levels  of  pollution  emissions  as  well  as  background  concentrations  due 
to  the  proximity  of  industrial  air  pollution  contributors,  vehicle  density, 
residential  heating  and  natural  releases  (swamps,  mines). 

The  current  practice  of  disposing  of  waste  P&B  by  open  burning  is 
characterized  by  stockpiling  of  hazardous  materials,  air  and  water 
poihuion,  personnel  exposure  and  inefficient  combustion.  In  Older  .to 
• iiminate  these  problems  and  provide  a reliable  safe  method  of  disposal, 
the  various  disposal  methods  described  within  this  report  were  developed. 

To  completely  sppreciat  • the  various  methods  of  disposal,  a brief 
description  will  be  given  of  the  general  phenomenon  involved  in  incinera- 
tion. 


All  incinerators  are  concerned  with  the  time  that  the  waste  is  inclosed 
in  U.o  ccmbustk  i chamber.  Ti:c  volume  of  the  ci.  amber  siiould  \e  large 
enough  to  contain  the  gas  flow  a sufficient  time  for  trio  complete  com- 
bustion of  the  solid  waste  and  gaseous  products.  Perhaps  the  most  im- 
portant factor  in  combustion  is  the  temperature.  Heat  is  used  as  the 
driving  force  to  sustain  combustion.  In  many  cases,  it  is  des' ruble  to 
have  auxiliary  fuel  available  to  a)  heat  up  the  furnace,  b)  promote  primary 
combustion  'when  the  waste  tes  not  contain  od'-auala  BTU  content 


for  good  combustion,  c)  provide  secondary  combustion  for  odor  and 
smoke  control,  d)  rnake'available  supplemental  heat  for  heat  recovery 
units.  An  additional  factor  in  combustion  is  turbulence,  provided  by 
either  baffles,  constrictions  or  process  design.  The  changes  in 
direction  and  velocities  thoroughly  mix  the  products  of  combustion 
with  die  air  (oxygen)  necessary  for  combustion.  Separation  of  combus- 
tion gases  would  occur  if  turbulence  were  not  included  in  the  design 
and  under  these  conditions'soine  of  the  gases  would  leave  the  chamber 
unburned.  This  would  necessitate  the  use  of  an  auxiliary  burner,  which 
wou.d  decrease  process  efficiency. 

The  provision  of  air  for  combustion  is  mandated  for  the  complete 
combustion  of  waste  products.  One  way  that  air  is  added  to  the  incin- 
erator is  by  natural  droit  through  a chimney  or  stack.  The  higher  the 
stack,  the  greater  the  amount  of  air  that  can  be  brought  into  the  in- 
cinerator. Other  ways  of  adding  air  are  with  fans  that  blow  air  into 
the  incinerator  (forced  draft)  or  pull  air  through  the  incinerator  (induced 
draft).  Induced  draft  systems  usually  locate  the  fan  between  the  incinera 
tor  and  stack.  In  these  cases,  the  hot  gases  must  be  cooled  to  protect 
the  fan.  Excess  air  may  be  added  to  the  incinerator  to  insure  complete 
combustion  and  regulate  incinerator  temperature.  The  excess  air  re- 
quirements differ  for  different  types  of  waste  having  different  composi- 
tions and  BTU  values. 

The  process  of  incineration  can  be  described  as  a controlled,  safe, 
efficient  combust:on  process  for  burning  'J?i E wastes  to  an  inert  residue. 
When  P&E  wastes  are  exooseu  to  a turbulent  atmosphere  tor  a critical 
time  period  at  an  elevated  temperature,  combustion  occurs.  During 
combustion,  moisture  is  evaporated,  and  the  combustible  portion  of  the 
waste  oxidizes.  Carbon  di-xide,  water  vapor,  ash  and  noncombustibles 
are  the  end  products  of  incineration  in  addition  to  the  heat  generated. 
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ALTERNATIVE  SOLUTIONS 


The. ioll owing  incinerator  systems  (Fig  1)  are  all  designed  to  handle 
the  problem  of  waste  PEE  disposal  and  each  attacks  the  problem  in  a 
hi  :‘;'e  re n t m ai  me r . 


The  more  sophisticated  ^ «E  incinerators  have  been  designed  to 
m.-  'Ot  aii  pollution  standards  (existing  or  forecasted)  and  provide  ade- 
quate air  and  turbulence  for  proper  combustion.  Control  equipment  is 
included  on  some  of  these  incinerators  to  further  reduce  the  amount  of 
CO,  HC  and  NOv  released.  Because  of  the  quantity  of  NOx  emissions 
state  and  federal  environmental  agencies  are  identifying,  assessing  and 
promoting  the  development  of  cost-effective  commercially  viable  methods 
;\r  NOv  control  from  both  existing  and  new  stationary  combustion  sources, 
it  is  anticipated  that  controls  will  be  required  on  all  PEE  waste  incinera- 
tors and  will  take  the  form  of  lowering  NOx  formation  during  combustion, 
post-ccmbustion  removal  of  NOx  from  Lite  combustion  products  or 
catalytic  interaction  within  the  process  itself. 


Ln  addition,  the  majority  of  the  incinerator  systems  require  particle 
sizes  of  approximately  i/3"  to  obtain  good  combustion  either  in  ‘die  dry 
state  or  for  injection  in  an  aqueous  slurry.  The  PEE  wastes  are  in  the 
term  of  riser  scrap,  shell  washout,  process  by-products  and  un- 
acceptable end  items.  A large  portion  of  this  waste  must  be  reduced 
prirr  to  disposal.  The  current  methods  of  reducing  these  wastes  are  by 
rotary  knife  grinders,  cone  crushers,  attrition  mills  and  ball  milling. 

••inch  enc  cl  these  methods  uses  a water  overlay  of  approximately  10  pounds 
of  water  for  each  pound  of  PEE  waste.  The  v/ate  .*  overlay  keeps  the 
grinding  area  cool  to  prevent  the  PEE  waste  from  heating  up  and  also 
h-olps  reduce  the  possibility  of  spark  formation.  It-aiso  helps  make 
plastic- ly  i <?  propellant  more  rigid  and  therefore  easier  to  grind. 


V--rtic:T  Draft  incinerator — The  fore -uimer  of  the  P&E  waste  in- 
cinerai  r program  is  the  vertical  draft  i i .cine ra cor  (Fig  ?,).  This 
incinerator  was  constructed  in  the  UkV.E:  at  PicaLiimy  Art  -nal  to  dispose 
of  red  water  and  other  contaminated  liquid  wastes.  The  unit  is  a cylindri- 
cal steel  furnace  lined  with  firebrick.  It  was  modified  to  dispose  of 
waste  L-.-.E  in  aqueous  slurries,  of  2\>%  by  weight.  Feasibility  and  safety 
requirements,  particle  size  reduction,  suspension,  injection,  combustion 
and  base-line  gaseous  emissions  data  were  established  and  evaluated.  The 
; roc  ess  consisted  of  * -eating  the  chamber  by  means  of  three  oil-fired 
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FIGURE  1. 


PICATINNY.  ARSENAL-VERTICAL 
INDUCED  DRAFT  INCINERATOR 


burners  to  a temperature  of  1600 — 1800° F and  then  injecting  the  slurry 
up  toward  the  flame.  The  downward  draft  provided  by  the  induced  draft 
enhanced  die  combustion  process  by  providing  combustion  air  and  cir- 
culated the  gaseous  products  within  the  combustion  chamber.  The  gaseous 
products  were  then  passed  through  a cyclone  separator  and  then  vented 
to  the  atmosphere  through  a 125'  stack.  This  type  of  incinerator  is 


presently  outdated  due  to  its  inefficient  operation  and  poor  emission 


control. 


Rotary  Kiln — The  rotary  kiln  incinerator  (Fig.  3)  consists  of  a 
refractory  lined  cylinder  slightly  inclined  to  the  horizontal  at  an  angle 
usually  between  2—5°  and  rotating  at  a slow  speed  (1—5  rpm).  Often 
both  the  speed  of  rotation  and  the  inclination  of  the  furnace  are  variable 
so  that  the  flow  of  material  through  the  cylinder  and  the  retention  time 
for  combustion  can  be  controlled.  Afterburning  facilities  can  be  in- 
corporated in  a separate  auxiliary  chamber,  and  the  equipment  generally 
lends  itself  to  flexible  plant  layout.  By  rotation,  these  furnaces  offer 
the  advantages  of  a gentle  and  continuous  mixing  of  the  P&E  slurry,  but 
capital  and  maintenance  costs  jrejugh.  These  ce- ,-.s  are  derived  from 
the  mechanical  design  requirements  of  both  rigidity  of  the  cylinder  and 
close  tolerances  for  the  roller  path  drive  as  well  as  the  high- temperature 
seals  between  fixed  and  moving  parts.  Another  major  disadvantage 
is  the  adverse  effect  of  the  explosive  slurry  contacting  the  refractory 
lining  at  elevated  temperatures  and  the  detrimental  effect  on  the  re- 
fractory of  cooling  and  reheating  the  chamber  curing  shutdowns. 


This  system  requires  the  use  of  a cooler  and  scrubber  to  reduce  the 
gaseous  and  particulate  emissions  and  exhaust-gas  temperature  prior  to  the 
exhaust  fan  and  stack. 


SIT PA  1 — The  Simplified  Incineration  Technique  for  Pollution  Abate- 
ment (SIT PA)  is  an  incinerator  designed  to  elirnii  ite  the  complexity  of 
the  other  systems  described  (Fig.  4).  The  SITPA  process  involves 
manually  placing  P&E  waste  on  a concrete  pad  or  covered  ditch  and  re- 
motely igniting  it.  The  pad  has  a.  hood  which  accepts  the  combustion  gases 
and  draws  them  into  a duct  by  means  of  Induction  fans.  The  duct  is  con- 
nected to  a bag  house  which  removes  particulate  matter  from  he  exhaust 
gases.  The  gases  piss  through  the  fan  and  then  out  the  stack.  It  is  possible 
to  hook  up  several  pads  to  a single  baghouse  by  ducts  and  a manifold. 


The  system,  while  sim pie v doe.s ^pTprQvidc  either  tne  process j: on tr.qli 
^pollution  abatement  or  safety  features  inherent  in  he  other  systems  des- 
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FIG  UR  J 


FIGURE  4. 


■SIT PA  11 — The  SlTPA  II  (Fig.  ■>)  process  is  a specially  designed 
ualined  rotary  kiln  incinerator  into  which  Uie  waste  P&E  is  ‘fed  into  the 
combustion  chamber  in  cans,  containing  set  amounts  of  the  waste  P&E, 
placed  at  intervals  on  a conveyor  belt.  The  waste  P&E  is  burned  in  the 
combustion  chamber,  which  is  heated  by  oil  burners,  and  the  com- 
bustion gases  tire  removed  from  the  chamber  by  an  induction  fan  and 
then  passed  through  a bayhouse  to  remove  particulates.  This  system 
could  be  aerated  in  die  semi -continuous  mode  for  long  periods  of  time. 

'.Vet  Air  Oxidation — This  process  is  fundamentally  the  aqueous  oxi- 
dation of  waste  P&E  in  a high  pressure  vessel  (autoclave)  (Fig  . C).  The 
vessel  and  the  water  inside  are  initially  heated  to  550°F  and  400  psi  by 
steam  and  compressed  air.  When  these  conditions  are  reached,  the 
steam  is  shut  off  and  the  feed  started.  The  ground  waste  P&E  is  fed  in 
a continuous  aqueous  slurry  along  with  compressed  air.  The  P&E 
’wastes  are  oxidized  and  the  BTU  content  of  the  waste  is  sufficient  to 
sustain  the  reaction  without  any  supplemental  heat  inputs.  The  vessel  is 
operated  typically  at  pressures  in  the  range  of  600-2200  psi  and  at 
temperatures  between  400  a.nd  600°F.  The  oxidation  products,  consisting 
of  gaseous  and  liquid  oxidation  products,  nitrogen  from  the  compressed 
air,  and  a minor  quantity  of  ash.  are  cooled  by  the  feed  stream  in  a heat 
exchanger  and  separated  into  a gaseous  and  a liquid  stream. 


\TA 


The  gaseous  stream  is  treated  by  on  afterburner  U,  destroy  CO  and 
residual  hydrocarbons,  and  a wot  scrubber  is  used  to  remove  NOv  orior 
to  discharge  to  the  atmosphere.  The  liquid  phase  is  further  processed  to 
remove  acidity  and  metallic  salts,  and  the  purified  water  recycled  to  the 
slurry- preparation  stage. 

Fluidised  Bod  incinerator — The  fluidised  bed  incinerator  (Fig.  7)  is 
n simple  and  compact  system  using  aluminum  oxide  (alumna)  for  the  bed 
mat' .'rial,  if  large  solid  grains  or  chunks  of  P&E  waste  are  to  be  disposed 
of.  they  must  be  size  reduced’ prior  to  being  introduced  in  an  aqueous 
: ‘.lurry  'Tx.j  by  weight).  The  operation  of  the  flui  lir-u  • bed  involves  the 
U ~cing  of  air  through  she  distributor  plate  which  can  oe  controlled  to  a 
desired  rale.  At  low  rates,  the  cod  remains  in  its  original  ''settled'1  state 
with  the  pressure  drop  acre  • :s  the  bee  increasing  with  the  flow  rate,  until 
it  is  equal  to  Use. downward  force  exerted  by  die  bed  material  resting  on  the 
plate.  The  bod  begins  to  expand  at  this  point  which  is  called  "incipient 
fluidization,  " allowing  more  gas  to  pass  through  the  bad  at  the  same  pres- 
sure drop.  The  o-  -u  is  now  fluid.- zed  and  has  all  the  properties  of  a.  fluid. 
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The  advantages  of  this  system  are:  the  enriched  oxygen  of  the  bed 

coupled  with  the  mixing  action  of  the  alumina  and  waste  ensures 
complete  combustion,  minimising  carbon  rnono;ade  and  hydrocarbon 
emissions;  the  uniform  temperature  of  the  bed  plus  the  use  c:'a  nickel 
catalyst  limits  the  formation  of  nitrogen- oxides.  The  fluidized,  bbd  has 
provisions  for  the  injection  of  supplemental  oil  and  auxiliary  air  into 
the  bed.  The  effects  of  the  supplemental  oil  were  discussed  earlier  and 
the  effects  of  the  auxiliary  air  will  now  be  discussed. 

Combustion  is  a chemical  reaction  that  requires  the  contacting  of  a 
fuel  with  oxygen  at  a temperature  above  the  kindling  temperatur.-:.  Both 
a high  degree  of  turbulence  and  adequate  oxygen  are  required  to  attain 
complete  combustion.  Excess  air  is  the  amount  of  air  added  to  a com- 
bustion process  beyond  that  required  stoichiometrically  by  the  chemical 
reaction.  The  auxiliary  air  nozzles  provide  excess  air  to  the  bed  to 
help  reduce  noxious  gaseous  emissions.  The  bed  itself  maintains  a 
reducing  atmosphere  while  the  auxiliary  air  helps  provide  an  oxidizing' 
atmosphere  in  the  upper  portion  of  the  bed.  T e nitrogen  present  in  the 
combustion  reactions  can  come  from  both  the  air  and  the  fuel.  Some  of 
the  nitrogen  is  oxidized,  with  nitric  oxides  (NOx)  being  an  undesirable 
product  of  combustion.  The  NOx  formed  is  _ function  of  the  combustion 
temperature,  reaction  rates,  residence  time,  nitrogen  and  oxygen  con- 
centrations and  quench  rates.  As  excess  air  and  turbulence  in  the 
fluidized  bed  chamber  are  increased,  more  products  of  complete  com- 
bustion are  obtained.  These  products  are  further  reduced  by  the  presence 
of  the  nickel  oxide  catalyst  in  the  bed  which  drastically  reduces  the  NOx 
concentration  in  the  exhaust  gases. 
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EVALUATION  OF  VARIOUS  CONCEPT'S 


The  current  judgment  by  the  Armament  Commajid  (ARMCGf/i)  and  other 
support  organizations  is  that  the  SIT PA  II  System  is  the  most  cost  ef- 
fective system  based  on  present  emission  standards  (Fig.  o).  Tiiis  is 
especially  true  for  1 AP  plants  that  have  low  overall  gaseous  emissions 
due  to  minimal  in-plant  industrial  operations.  In  addition,  most  of  the 
LAP  plants  are  in  remote  locations,  away  from  any  lane  cities,  and 
therefore  have  standards  that  are  less  stringent. 


However,  ARMCOM  is  convinced  that  future  standards  will  be  stricter 
especially  in  the  area  of  MOx  emissions.  This  will  place  an  added  burden 
on  the  P&E  manufacturing  plants  that  manufacture  acids  and  use  these 
acids  in  their  production  processes.  Therefore,  the  R&E  manufacturing 
plants  have  relatively  high  gaseous  emissions  due  to  the  nature  of  the 
work.  Furthermore,  most  of  these  plants  are  located  near  industrial  cities 
because  of  their  requirements  lor  raw  materials.  This  means  that  there 
probably  will  be  more  restrictions  on  these  plants  as  to  the  quantities  of 
pollutants  emitted,  including  P&E  incinerator  emissions.  Thus,  if  a 
plant  requires  a P&E  incinerator  having  the  capability  of  sustained, 
multiyear  operation  -with  minimal  pollution,  the  fluidized  bed  incinerator 
would  be  the  most  cost  effective  system,  see  Economic  Analysis,  page  2b. 


SUMMARY 


DEVELOPMENT  OF  FLUIDIZED  BED  INCINERATOR 


The  current  design  of  die  fluidised  bed  incinerator  pilot  plant  evolved 
from  a email  pilot  plant  evaluation  performed  under  a contractor  .sup- 
port effort,  F-icatinny,  in  addition  to  having  die  responsibility  for  the 
overall  control  of  the  PciE  incinerator  prefect,  was  obligated  to  select 
and  develop  an  improved  incineration  system  for  future  use.  A study 
••as  perionned  and  it  was  concluded  that  the  fluidized  bed  incir.erator 
v.as  die  best  system  to  meet  die  future  needs  of  die  Army.  The  system 
selected  for  investigative  studies  (Fig.  '■))  was  six  inches  in  diameter 
and  nine  feet  hiem  and  .had  a feed  rate  of  seven  lbs/hr  of  dry  explosives. 
This  fluidized  bed  incinera  jr  w as  designed  to  accept  a sblidywater 
siurry  feed  and  the  bea  itself  was  sized  such  that  it  could  be  fluidized 
v;ith  approximately  50\V.  of  die  anticipated  requirement  of  120%  of  stoichio- 
metric air.  The  importance  of  this  fact  is  that  it  improved  the  flexi- 
bility of  die  incinerator  in  that  it  allowed  for  the  operation  of  the  system 
in  either  a one  or  two  stage  combustion  mode,  i.e.  all  the  air  is  fed 
into  die  bottom  of  die  bed  or  part  of  the  air  is  fed  into  tine  bottom  and 
part  is  fed  into  die  upper  portion  of  the  bed,  respectively. 

In  addition  to  the  incinerator,  the  system  included  a slurry  feed  system, 
cyclone  particulate  collector  and  stack  gas  analyzer.  Tiie  slurry  feed 
system  was  similar  to  the  ones  utilized  above  having  a rniz/feed  tank 
with  a large  recirculation  line  and  the  incinerator  feed  is  lapped  from 
this  line,  and  fed. into  the  incinerator  through  a metering  pump.  The 
cyclone  collector  removed  any  particulates  from  the  exhaust  gas  before 
the  gas  was  analyzed  for  NO,  NOv,  CO,  CC2,  HC,  arid  02. 

A series  of  37  test  runs  were  made  in  which  the  bed  temperature,  air 
velocity  and  feed  rate  and  types,  of  wrote  material's  were  /aried  (Fig.  10). 
Runs  Tere  made  boUi  in  one  stage  and  two  stage  modes  at  durations  of  up 
to  six  hours.  The  incinerator  operated  effectively  in  disposing  of  the  ex- 
plosives and  propellants;  however,  the  emission  levels  of  c40  ppm  - NOy, 
Obi  pprn  - CO  and  350  ppm  - HC  were  well  a..ove  the  200  porn  goal  for 
each  of  those  pollutants  and  were  approximately  equal  to  the  untreated 
emissions  from  die  rotary  kil  - and  vertical  incinerators.  At  this  point  in 
the  tost  program,  it  was  decided  to  try  a catalyst  in  the  bid.  After  some 
preliminary  testing,  nickel  oxide  was  selected  for  use  in  die  fluidized  bed. 
An  addition  of  0%  (by  weight)  of  nickel  o:dde  to'  the  alumina  bod  (A I?.Or-s)_. 

caused  a snecl — .mar  wee  due  lion  in  dip- emissions  from  die  incinerator: 

ov  ppm"-  kOv,  40  ppm  - CC,  10  ppm  - HC  (Fig.  11 57  ~ 

The  results  of  diis  program  led  t die  decision  to  convert  the  Picatinny 
Arsenal  vertical  incinerator  to  a fluidized  bed  incinerator.  Some  of  the 
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major  components  designed  were  the  preheater,  plenum,  injection 
ncssles,  air  distribution  grid  and  blower. 

The  schematic  diagram  used  to  determine  design  operating  conditions  is 
shown  in  Fig.  i 2.  Various  parameters  were  determined  from  air,  fuel 
and  explosive  slurry  entry  stations  to  the  final  discharge  from  the  com- 
bustion chamber  which  leads  into  the  cyclone  separator  used  to  remove 
any  residual  particulates.  Fig.  1“  lists  the  various  key  design  parameters 
determined  V assumption  or  by  calculation. 


Blower  Design  Capacity — Procedure  for  determining  the  design 
capacity  for  a major  component,  the  blower  system,  was  found  by  esti- 
mating system  pressure  drops  as  follows: 


Preheater 

Grid 

Bed 

Cyclone 


0.  75  psig 

1.  50 
3.50 
1.  50 


Total 


7. 25  psig 


Calculation  of  blower  capacity  was  made  for  a maximum  gas  velocity 
of  o ft/sec  in  the  stack,  maximum  chamber  temperature  of  1G3Q°F, 
chamber  pressure  of  1.  5 psig  and  inside  chamber  cross-sectional  area 
of  42  sq.  ft.  (38  inch  dia. ).  The  cfm  thus  determined  was  10,  '.40  cfm 

v.-hldi  J.  Li  axl  idul  U C Oi  ill  LI  Oil  o becomes  *iiSO  S C 1 ' O . 


For  a pressure  buildup  of  7.  25  psi  and  a capacity  of  4125  scfrn.  across 
trie  blower,  the  design  IIP  vrould  be  130.  5;  however,  considering  future 
needs  of  scrubbing  equipment  to  accommodate  perchlorate  propellants  and 
any  ensuing  additional  pressure  losses,  the  blower  design  horsepowe* 
was  increased  to  250. 

fitxi.rt-.Uo  Fuel  Requirement — The  preheater  was  designed  to  yield 
7.  5 x iOh'BTU/hr.  The  heat  required  to  hea!  a cold  bed  (22,000  lbs  alumina) 
to  i :00°F  d.  34  x.  iO,J  BTU.  The  heat  required  to  neat  insulated  walls 
in  the  vicinity  of  the  ted  was  found  to  be  7.  2 x 10®  BTU.  Therefore,  it 
takes  2-1/2  hrs  to  briny  tiic  S;  stem  up  to  initial  temperature  ( 1 i 00 0 F ) 
while  consuming  135  gallons  of  No.  2 fuel  oil.  At  tins  point,  the  preheater 
may  be  shut  off  and  fuel  injected  directly  into  the  bed  to  maintain  the  com- 
bustion chamber  temperature  at  1G50°F  under  equilibrium  conditions 
The  calculations  include  sensible  heal  losses  required  for  fuel  oil  com- 
bustion. 


SCHEMATIC  DIAGRAM  FOR  DETERMINING 
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Oust.- .'ini  no  Fuel  ]\~-quiroment — A 2b  percent  by  weight  ratio  of 
.".lurx‘j*'-'J'i‘i4T  in  water  is  in  theory  self  sustaining.  That  is,  enough  heat 
liberat  'd  from  the  TNT  to  evaporate  the  water.  Therefore,  the  sus- 
taining fii'  1 only  has  to  heat  the  incoming  air  to  the  plenum  (1000  cfm) 
from  ib'i  to  02)0°  F and  accommodate  system  heat  losses  estimated  as 
1 • This  results  iti  a heal  requirement  of  2 ,'t‘A  x 10^  BTU/hr  which 


am ' units  to 


gals/hr  of  No.  2 fuel  ail. 


riysLcm  iioal  Retention  During  Shutdown — The  calculated  heat  loss 
from  Uif;  system,  during  the  1(5  hour  shutdown  period,  is  G.  0 x 10^  BTU. 
This  is  derived  from  die  heat  loss  through  the  ceramic  (mostly  -alumina- 
silica)  wall  material  -f  5.  0 x 1 O'-’  BTU  plus  an  allowance  of  20%  (1.  1 x 
l:)‘»  B'I'U)  for  radiation  and  stack  losses.  The  heat  retained  in  the  incin- 
erator system  is  18.  1 >:  10°  BTU.  From  tire  relationship  for  heat  content 


heat  in  bed 
heat  loss 


18.  1 x 10° 
o.  G >:  lOG 


1 650°  - 70° 
1 dhO'"’  - Tg 


Start  temperature,  Tg  - 1100°F 

The  above  temperature  is  possible  after  JG  hours  of  shutdown  because 
of  the  good  wall  insulating  properties,  the  good  heat  retention  capability 
of  the  bed  material,  and  the  large  heat  sink  the  settled  bed  provides 
(22,  000  lbs  of  alumina). 


Kurt'  or,  it  can  'n  shown  that  the  quantity  of  fuel  : squired  to  bring  the 
bed  up  ti>  oj “.-rating  temperature,  following  tills  shutdown  period,  is  only 
a frncTon  of  she  128  gallons  <.f  fuel  oil  needed  for  a ''cold''  start-up.  The 
energy  required  to  reheat  the  alumina  bed  and  me/ .era tor  wall  C o feet 
high — corresponding  to  expanded  bed  height  plus  b foe*)  tc  1 050° F is  equal 
to  •!.  ■>  x i0^  BTU  or  33.0  gallons  of  fuel  oil.  Since  the  oil  feed  capacity  of 
the  preheat,  r is  ‘..3  gallon,  /hr,  it  would  lake  only  -10  minutes  to  bring  the 
bed  uo  to  temperature. 


• ECONOMIC  ANALYSIS 


In  tho  evaluation  of  alternate  systems,  it  is  necessary  to  consider  the 
economic  factors  associated  with  each  system.  The  economic  analysis 
ot  tho  fluidised  bed  incinerator 'vs  the  rotary  kiln  incinerator  was  per- 
formed by  tho;  Mobility  Equipment  Research  and  Development  Command 
(MERDC)  under  the  direction  of  Picatinny  Arsenal.  Tac  method  utilized, 
by  MERDC  to  perform  this  analysis  is  the  present  value  unit  cost  (PVUC) 
method,  which  complies  with  AR  37-13. 

This  method  utilizes  a computerized  mathematical  model  to  economically 
evaluate  alternate  incinerator  designs.  The  model  considers  capital 
costs,  operating  costs,  time  horizons,  depreciation,  interest  and  other 
related  factors  (Fig.  14).  The  output  yields  the  PVUC  per  pound  of 
material  incinerated.  The  PVUC  program  was  used  to  evaluate  the  cost 
parameters  of  the  fluidized  bed  vs  the  rotary  kiln  over  various  time  hori- 
zons and  load  (operating)  rates.  The  data  gc  .era tod  from  two  typical  runs 
(250  and  1000  lbs/hr)  are  shown  in  Tables  1 and  2 and  Figs.  15  and  10. 

The  TNT/  slurry  weight  ratio  was  25  percent  for  these  calculations. 

By  inspection  of  Uie  Tables,  it  Can  be  seen  that  the  cost  saving  that  can 
be  realized  using  the  fluidized  bed  incinerator  varies  from  $19, 000/ yr  up 
to  $103,000  yr  with  a 250  lb/hr  capacity  and  from  $.108.  000/yr  to  $31 1 , 000/ 
yr  with  a 1000  )b  hr  /'capacity.  The  major  cost  saving  attributed  to  the 
fluidized  bed  when  compared  to  die  rotary  kiln  is  due  to  the  lower  operating 

costs  (fuel  usage).  ■»--»  

— - — ^ 

The  PVUC  model  can  be  used  to  evaluate  any  number  of  rUernative  designs 
provided  sufficient  Disrating  data  is  available.  For  example,  listings  of 
required  cost  parameters  for  the  evaluation  of  the  different  incinerator 
systems  are  shown  in  Fig  17.  By  utilizing  this  program,  sufficient  eco- 
nomic data  is  generated  to  provide  managen  mt  with  a viable  decision 
making  tool  when  choosing  between  v.-mous  process  alternatives. 
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Current  Year  Dollars  - FY  74  Base 


COMPARISON  OF 
OPERATING  COSTS  (250#/HR) 


ROTARY  KILN 


COMPARISON  OF 
OPERATING  COSTS  (1000#/HR) 
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FACTORS  FOR  PVUC  ECONOMIC  ANALYSIS 
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CONCLUSIONS 


a.  The  vertical  draft  incinerator  being  the  forerunner  of  the  incinerator 
program  displayed  the  feasibility  and  safety  in  the  incineration  of  PctE 
wastes.  This  system  is  presently  outdated  due  to  its  inefficient  operation 
and  poor  emission  control. 

b.  The  rotary  kiln  incinerator  demonstrated  its  capability  by  safely 
disposing  of  a v/ide  variety  of  P&E  wastes  during  the  evaluation  program. 

T:.e  system  offers  flexibility,  good  process  control,  average  combustion 
efficiency  and,  with  a scrubber,  can  maintain  particulate  and  gaseous 
emission  levels  within  current  guidelines. 

e.  fJTP.A  I.  is  a rudimentary  system  one  step  above  open  burning.  Although 
it  does  attempt  to  control  particulates,  the  uncontrolled  combustion  aspects 
of  this  technique  rule  out  further  development. 

d.  The  SIT  PA  II  is  a low  cost  disposal  system  that  could  be  used  at  LAP 
plants  located  in  non-urban  and/or  low  density  industrial  areas.  This 
technique  does  include  some  combustion  controls  but  only  removes  parti- 
culates from  the  stack  gases.  There  is  no  attempt  to  reduce  fine  particu- 
lates or  gaseous  emissions.  Further  effort  on  a feed  system  is  required 
to  obtain  safe  operation. 

• . The  wet-air  oxidation  system  has  been  demonstrated  to  be  a thermally 

• it'iciout  process  for  disposal  of  waste  propellants.  No  supplemental  fuel 
is  required  to  maintain  the  reaction  once  the  system  reaches  equilibrium, 
iiowevor,  the'  system  operates  at  high  pressure  (600  - 2200  psig)  and  re- 
quires support  equipment  (e.  g.  liquid/solid  separators,  scrubber)  U 
cmtrol  the  process  effluents. 

f.  A fluidized  bed  incinerator- promises  to  be  the  optimum  system  for  the 
.ie.r  ruction  of  waste  P.v,E.  ..c  is  a compact  disposal  system  that  can  safely 
destroy  tl  -•  Pd.  E wastes  and,  through  the 'use  of  a catalyst,  conform  to 
current  and  anticipated  standards  for  NOx,  HC,  and  CO  without  the  use  of 
a L.; te: rent  equipment.  In  adoition,  the  high  combustion  and  operational 
'•tiicriencies  offer  nigh  performance  with  low  operational  costs. 

g.  Thi:  economic  analysis  technique  developed  by  MERDC  is  a viable 
mana  joment  decision  making  tool  for  choosing  the  most  suitable  disposal 
system  for  each  application. 
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R EC  OM  M E N DA  TI ONS 


It  is  recommended  that  the  SIT  PA  II  disposal  system  l^e  considered  for 
applications  requiring, the  most  cost  effective  system  based  on  present 
local  emission  standards.  This  would  particularly  apply  to  LAP  plants 
tin!  have  low  overall  gaseous  emissions  due  to  minimal  in-plant  in- 
dustrial operations.  An  additional  factor  is  that  most  LAP  plants  are 
in  remote  locations  away  from  urbanized  industrial  areas  and  therefore 
have  standards  that  are  less  stringent. 

The  current  trend  is  towards  stricter  air  standards,  especially  in  the 
area  of  NCx  emissions.  This  will  affect  the  P£E  manufacturing  plants 
that  produce  acids  and  utilize  them  in  their  manufacturing  processes. 
Those  plants  are  usually  in  urbanized  industrial  areas  due  to  their  re- 
quirement for  raw  materials.  Therefore,  there  will  probably  be  more 
restrictions  on  these  plants  as  to  the  type  and  quantities  of  pollutants 
emitted,  included  in  these  emission  limits  will  be  those  of  the  P&E  waste 
incinerator.  Therefore,  based  upon  the  current  economic  analyses, 

Luc  fluidized  bed  incinerator  is  the  most  cost  effective  system  to  achieve 
these  goals. 
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